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The mechanism through which HIV-1 causes HIV dementia (HIVD) is not well understood. Myelin pallor is a common
pathological finding in HIVD and could be explained by a direct infection of oligodendrocytes or interaction with HIV-1 gp
120. To determine if oligodendrocytes could be infected by HIV-1, we purified oligodendrocytes from adult human brain
tissue obtained from temporal lobe resections. These cells were exposed to HIV-1 and infectivity was assayed by detection
of p24gag antigen, PCR amplification, and cocultivation with CD4/ cells. These results indicate that HIV-1IIIB and BaL and one
of four primary isolates tested can infect oligodendrocytes, resulting in the production of infectious virus. Furthermore, in
an experiment that mimics a potential in vivo scenario, infected microglia were able to transmit virus to oligodendrocytes
in a trans-well culture system. These experiments indicate that oligodendrocyte infection should be considered in studying
the pathophysiology of HIVD. q 1996 Academic Press, Inc.
INTRODUCTION demonstrated that a common neuropathological finding
in HIV-1-infected individuals was myelin pallor, an abnor-
The cognitive and motor disorder associated with type mality that could reflect a decrease in myelin compo-
1 human immunodeficiency virus (HIV-1) infection has nents. Another group has reported abnormalities in the
been recognized for many years and is thought to be the oligodendrocytes of HIV-infected individuals, including
result of infection with the virus and not the consequence myelin damage and changes in cell numbers (Esiri et al.,
of a secondary infection (McArthur et al., 1989, 1993; 1991), and recently, Kimura-Korda et al. (1994) showed
Price, 1994; Sidtis et al., 1993). Yet, the mechanism by that exposure to recombinant gp120 resulted in alter-
which HIV infection leads to what is collectively referred ations of myelin formation by rat oligodendrocytes main-
to as HIV dementia (HIVD) is not well understood, and tained in a culture system.
both indirect and direct pathophysiological processes Direct proof that oligodendrocytes are infected with
have been proposed (Epstein and Gendleman, 1993). Mi- HIV has remained elusive. In situ hybridization and in
croglia, which are macrophage-like, are the most produc- situ PCR probing for HIV-1 sequences in sections taken
tively infected cell type in the CNS and most likely play
from infected brains has shown evidence of infection in
a role in the pathogenesis of HIVD (Budka et al., 1987).
cells that have the morphology of oligodendrocytes, but
Nevertheless, findings from recent studies (Tornatore et
conclusive identification in such tissue sections has
al., 1994; Nuovo et al., 1994; Ranki et al., 1995) have
been difficult, perhaps because of the antigenic fragility
raised the possibility that direct HIV-1 infection of neu-
of the most commonly used oligodendrocyte marker, ga-
rons, astrocytes, and oligodendrocytes also contributes
lactosylceramide (GalCer) (Esiri et al., 1991; Ranscht et
to the development of CNS disease.
al., 1981). Using an in vitro model similar to that described
Oligodendrocytes are the glial cells responsible for
here, Sharpless et al. (1992) found only minimal HIV p24the formation and maintenance of the myelin that coats
release and HIV DNA in oligodendrocyte-enriched cul-neuronal axons. Oligodendrocytes also appear to be a
tures exposed to virus. However, they attributed thesetarget of HIV neuropathology (Esiri et al., 1991); however,
findings to contamination of their cultures by a few mi-it is unclear whether HIV-1 infection directly causes alter-
croglia and not to infection of oligodendrocytes.ations of myelin or whether an indirect mechanism, such
Although CD4 is the main cellular receptor for HIV-1,as cytokine production from HIV-infected microglia, is
several CD4 negative tumor cell lines derived from theresponsible for these changes. In recent studies, Glass
CNS and other tissues can be infected by HIV-1 (Clap-and coworkers (Glass et al., 1993; Power et al., 1993)
ham et al., 1989; Yahi et al., 1992; Schneider-Schaulies
et al., 1992; Weber et al., 1989; Weiss, 1993). GalCer
and derivatives are glycolipids common to the nervous1 To whom correspondence and reprint requests should be ad-
dressed. Fax: (215) 573-2029. system, colonic cells, and spermatozoa and have been
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proposed as potential alternative receptors (Harouse et the infection experiments. In some experiments, anti-
GalCer antibody (Ranscht et al., 1982) was bound toal., 1991; Yahi et al., 1992). Since oligodendrocytes ex-
press high levels of GalCer and galactosyl sulfatide (Sul- magnetic beads coupled with mouse IgG (Dynal, Oslo,
Norway) to increase the purity of the oligodendrocytefatide or GalS) on their surface, it is reasonable to pro-
pose that an interaction between gp120 and GalCer/GalS cultures by magnetic separation.
To characterize the cultures, the oligodendrocytescould play a role in the neuropathology induced by HIV.
This interaction could mediate a direct infection or dis- were plated on 4-well Permanox Lab-Tek chamber-
slides, maintained for at least 1 week at 377 and 10%rupt myelin formation without infection, as has been
shown in cultured rat oligodendroglia by Kimura-Korda CO2 in culture media, and indirect immunofluorescence
(IFA) for neural, fibroblast, and endothelial cell markers(1994).
We used highly purified human oligodendrocytes ob- was then performed at different time points through the
life of the cultures. The cells were washed in PBS andtained from temporal lobe resections to determine the
HIV-1 infectability of oligodendrocytes. Our results indi- incubated for 35 min at 47 with monoclonal antibodies
R-MAb and O1, both of which recognize GalCer, a cellcate that cultured oligodendrocytes can support a re-
stricted infection with some HIV-1 strains and that virus marker specific for oligodendrocytes in the brain
(Ranscht et al., 1982; Bansal et al., 1989a, 1989b). Follow-can be transmitted from microglia to oligodendrocytes
and vice versa. These findings may be important in eluci- ing incubation with the primary antibody, the cells were
washed in PBS, incubated with goat anti-mouse FITCdating the pathophysiology of HIVD.
(Sigma) for 35 min at 47, washed again, mounted, and
observed and photographed with a Leitz epiflourescenceMATERIALS AND METHODS
Aristoplan microscope. Microglia in the oligodendrocyte
Human oligodendrocyte isolation, culture, and
cultures were identified by the presence of receptors for
characterization
acetylated low density lipoprotein (AcLDL) (Goldstein et
al., 1979; Pitas et al., 1981). AcLDL labeled by conjugationFresh temporal lobe brain tissue was obtained from
patients undergoing surgery for intractable epilepsy, and with 1,1*-dioctadecyl-3,3,3*,3*-tetramethylindo-carbocya-
nine perchlorate (DiI-AcLDL) (Biomedical Technologies,oligodendrocytes were isolated using a protocol adapted
from Yong and Antel (1992). The tissue was cleaned by Stoughton, MA) was placed in the oligodendrocyte cul-
tures (10 mg/ml), incubated for 4 hr at 377 and 10% CO2 ,removing blood vessels, minced, washed three times in
phosphate-buffered saline (PBS), pH 7.3, and treated with washed in PBS, and observed with a Leitz Aristoplan
microscope. Cultures were also stained for specific0.25% trypsin for 30 min at 377. After mechanical disrup-
tion, the cells were filtered through a 100- to 150-mm markers for neurons (NF160), astrocytes (GFAP), epithe-
lial cells and fibroblasts (Vimentin, Fibronectin), and en-nylon membrane, and Dulbecco’s Modified Eagle Media
(DMEM) containing high glucose (GIBCO-BRL, Grand Is- dothelial cells (Factor VIII Receptor) essentially as de-
scribed by the manufacturers (Boehringer Mannheim;land, NY ) and 10% heat-inactivated fetal calf serum (FCS)
was added to inactivate the trypsin. The tissue was then Neural Cell Typing kit). To eliminate contaminating mi-
croglia, the oligodendrocyte cultures were maintained inpelleted (1,200 rpm 1 10 min) and suspended in PBS to
a final volume of 21 ml. This mixture was then transferred 7.5 mM L-leucine methyl ester (LME), which is taken up
by phagocytic cells, making them vulnerable to its toxicto an Oakridge tube containing 9 ml of Percoll (Sigma,
St. Louis, MO) and centrifuged (15,000 rpm for 30 min) effects (Thiele et al., 1983).
in a Sorvall SS-34 rotor to form a gradient. The middle
Viruseslayer (sp gr 1.034–1.060) containing the viable cells was
collected and diluted to a total volume of 45 ml with
HIV-1(IIIB and 89.6) stocks were propagated in CEM 1 174DMEM and pelleted at 2000 rpm for 10 min. The pellet
cells; HIV-1IIIB was prepared from a seed stock of un-was then suspended in 14 ml of DMEM, centrifuged, and
cloned virus and HIV-1(89.6) from an infectious molecularthe cells were plated in a T-25 flask. The microglia were
clone (Collman et al., 1992). HIV-1(Ba-L, JrFL, ADA-M, and SF162)separated from the oligodendrocytes by adherence to
stocks were obtained from human primary blood lympho-
plastic for 16–20 hr. The supernatant containing the non-
cytes infected with a seed stock of uncloned virus (un-
adherent oligodendrocytes was gently removed from the
cloned seed stocks were obtained from the AIDS Re-
tissue culture flask and centrifuged at 1200 rpm for 10
search and Reference Reagent Program). Primary iso-
min. The oligodendrocytes were then cultured in oligo-
lates (AL-6244; 26-6882; AP-6658; AQ-4394) were
dendrocyte media (DMEM with 30 nM selenium and
provided by Dr. L. Perrin (University of Geneva).
tri-iodo-thyronine, 5mg/ml bovine insulin, 50 mg/ml gen-
tamycin and transferrin, 1 mM sodium pyruvate, 1% Virus infections
heat-inactivated FCS, and 4.5 g/l glucose and 7.5 mM
L-leucine methyl ester) and used at either 16 – 20 hr All virus stocks were treated with 50 mg/ml RNase-
free DNaseI (Worthington, Freehold, NJ) for 1 hr at room(nonadherent) or 7 days (adherent) after isolation for
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temperature or, for negative controls, were heat inacti- DNA was treated with 10 mg RNAse for 30 min at 367.
PCR amplification with LTR primers was performed asvated for 2 hr at 567 or pretreated overnight with 50 mM
AZT. In the antibody blocking experiments, the oligoden- previously described (Stefano et al., 1993).
drocytes were preincubated with hybridoma supernatant
from R-MAb, O1, or control MAb or purified Leu3A (50 In situ PCR for detection of HIV-1 proviral DNA
mg/ml). Approximately 5 1 105 oligodendrocytes were
These procedures were adapted from Bagasra et al.suspended in 0.5 ml of oligodendrocyte media and in-
(1994) and Nuovo et al. (1994). Cells were seeded infected with 0.5 ml of HIV-1 for 4 hr at 377 and 10% CO2 .
heavy teflon (HTC) slides (Cell-Line Associates, New-After infection, the oligodendrocytes were washed with
field, NJ), infected as described, and fixed in 2% parafor-media and cultured in 2 ml oligodendrocyte media at 377
maldehyde–phosphate-buffered solution for 2 hr andand 10% CO2 . Supernatant was collected and assayed
then washed in PBS. After permeabilization with Protein-for HIV-1 p24gag antigen (NEN/DuPont, Boston, MA).
ase K (6 mg/ml in PBS for 10 min at 237) the slides were
placed on a heat block at 957 for 2 min, washed in PBSCocultivation with CEM 1 174
for 10 sec, and then washed in distilled water and air
Preadherent oligodendrocytes were exposed to HIV- dried. PCR amplification was performed with gag primers
1IIIB , HIV-189.6 , or heat inactivated HIV-1IIIB(DH) for 4 hr SK38 and SK39 in a reaction mixture containing 10 mM
at 377 and then washed extensively. Supernatants were each dNTP, 20 mM each primer, 50 mM KCl, 10 mM Tris
collected 24–26 days after infection and assayed for (pH 8.3), 4.5 mM MgCl2 and 1 unit/ml Taq polymerase
p24gag antigen. To test whether these infected oligoden- (GeneAmp, Cetus, Emeryville, CA). The covered and
drocytes were producing infectious virions, 1 1 106 CEM sealed slides were placed on a Hybaid (Woodbridge,1 174 cells were cocultivated with the infected oligoden- NJ) thermocycler, denatured for 2 min at 947, and then
drocytes or the media in which the oligodendrocytes amplified with 30 cycles at 947 for 30 sec, at 457 for 1
were grown. Supernatant was collected from both sets min, and then at 727 for 1 min. After amplification the
of the CEM 1 174 cells and assayed for p24gag after 2 slides were washed in 21 SSC, and the amplified prod-
weeks. ucts were detected by in situ hybridization with a biotinyl-
ated oligonucleotide probe (SK19). The hybridization mix-
Oligodendrocyte/microglia coculture ture contained 1 pmol/100 ml of probe, 21 SSC, frag-
mented salmon sperm DNA (1 mg/ml), 50% deionizedPurified microglia were infected with HIV-1BaL or HIV-
formamide, 101 Denhardt’s solution, and 1% SDS. The189.6 as described above, seeded onto wells of a 24-
slides were covered, incubated on a heat block for 10well tissue culture plate, and incubated for 2 days prior
min at 927, and then transferred to a humidified chamberto cocultivation. Approximately 2 1 105 microglia were
for 12 hr at 427. The slides were washed in PBS andseeded onto 3-mm tissue culture inserts (Falcon 3096,
incubated with streptavidin peroxidase complex (100 mg/Beckton-Dickinson, Lincoln Park, NJ) and transferred
ml in PBS, pH 7.2) for 2 hr at 377. After incubation, theto the oligodendrocyte cultures. Microglia and oligo-
slides were washed in PBS, incubated with 3* amino 9*dendrocytes were cocultured for 12 days, after which
ethylene carbozone (AEC) in 0.03% hydrogen peroxide/the microglia inserts were removed and transferred to
50 mM acetate buffer (pH 5.0) for 10 min at 377.a separate plate. Virus production was monitored by
assaying the culture supernatants for p24gag. Alterna-
tively, oligodendrocytes were infected and uninfected RESULTS
microglia added either directly or on trans-well mem-
Oligodendrocyte culturesbranes 5 days after infection, cocultivated for 10-14
days, and then separated, and the culture supernatants IFA using a well characterized MAb (see Materials and
were assayed for p24gag. Methods) demonstrated that the oligodendrocyte cul-
tures expressed high levels of GalCer/GalS, a common
PCR amplification of viral DNA
marker for this cell type (Fig. 1A). When the cultures were
stained for astrocytic, fibroblastic, neuronal, or microglialBecause of the sensitivity of PCR, preadherent oligo-
dendrocytes were used for these experiments, which markers, the oligodendrocytes cultures were found to
be 99% pure, with the few contaminating cells beingmakes repeated washing to eliminate residual virus eas-
ier to perform. HIV-1-infected oligodendrocytes were microglia or astrocytes (data not shown). After a few
days in culture, many of the oligodendrocytes developedwashed two times in PBS (pH 7.3) and then suspended
in 500 ml S-EDTA (0.1 M NaCl, 0.05 M Na2EDTA, pH characteristic thin processes (Fig. 1B), which developed
into an extensive network in the older cultures; there is7.8) and lysed with 0.1% SDS/0.1 mg/ml proteinase K.
Following a 16-hr digestion at 567, the DNA was extracted no evidence that the oligodendrocytes divide in culture
(Yong et al., 1988; Yong and Antel, 1992). Maintenancetwice with phenol:chloroform:isoamyl alcohol and rocked
gently for 2 hr or assayed directly without extraction. The of the oligodendrocytes in LME, which is taken up by
AID VY 7754 / 6a11$$$421 02-02-96 10:11:33 vira AP: Virology
214 ALBRIGHT ET AL.
FIG. 1. Cultured oligodendrocytes. (A) Purified oligodendrocytes were cultured for approximately 2 weeks, after which indirect immunofluorescence
using R-MAb (directed against GalCer and related glycolipids) was performed. The cultured population expressed this marker uniformly, consistent
with their oligodendrocytic lineage. (B) Phase contrast microscopy demonstrated that after 2 weeks in culture the oligodendrocytes developed
characteristic processes. In older cultures the network became more extensive.
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PCR amplification
Due to the relatively low levels of p24 produced by
either HIV-1IIIB and HIV-1BaL , we confirmed HIV-1 infection
of oligodendrocytes with more sensitive assays for infec-
tivity: PCR and cocultivation with CD4/ cells. DNA was
extracted from oligodendrocytes 7–14 days after expo-
sure to DNAseI-treated HIV-1 stocks and amplified as
described under Materials and Methods. As shown in
Fig. 3, HIV DNA was detected in duplicate HIV-1IIIB and
HIV-1BaL infections in tissue from the same biopsy, while
cells exposed to HIV-189.6 were negative. In separate ex-
periments, primers designed to amplify gag sequences
also resulted in positive signals in these viruses, as well
as in HIV-1JrFl (data not shown).
FIG. 2. Replication of HIV-1 in oligodendrocytes. Purified oligoden- In situ PCR
drocytes were exposed to HIV-1 for 4 hr, washed extensively, and
To ascertain that the PCR signal was arising frommaintained in media for 4 weeks, during which the medium was re-
placed and the p24 concentration in the supernatant measured at 1 oligodendrocytes, in situ PCR was performed 2 weeks
week intervals; it is expressed in pg/ml. Residual microglia were elimi- after infection (see Materials and Methods). As shown
nated by treatment with L-leucine methyl ester (LME), as described in Fig. 4A, oligodendrocytes exposed to HIV-1IIIB dem-under Materials and Methods. Infection with either HIV-1BaL or HIV-1IIIB
onstrated PCR signal (dark red nuclear stain), whereasresulted in modest rises in p24, whereas the other strains, including
those exposed to HIV-189.6 (Fig. 4B) or mock infectedseveral that replicate in cultured microglia, did not. Infection with either
HIV-1BaL or HIV-1IIIB resulted in p24 production in four separate experi- (not shown) were negative. Oligodendrocytes exposed
ments. to HIV-1BaL and JrFL were also positive in this assay.
Cocultivation with CEM 1 174phagocytic cells (Thiele et al., 1983) (see Materials and
Methods), eliminated any contaminating microglia. To determine whether oligodendrocytes containing
HIV-1 sequences could produce infectious virus, culturedHIV-1 infection of oligodendrocyte cultures
oligodendrocytes (from two donors) previously incubated
To determine their infectability, adherent (7 days) oligo- with either HIV-1IIIB or HIV-189.6 were cocultivated with
dendrocytes were exposed for 4 hr to both T-lymphocyte CEM 1 174 cells, a highly permissive CD4/ line, 24–26
tropic (T-tropic) and macrophage-tropic (M-tropic) HIV- days after infection. As shown in Table 1, while there
1 strains, washed extensively, and then maintained in were low levels of p24 in the HIV-1IIIB-infected oligoden-
oligodendrocyte media. The culture supernatant was drocyte supernatant or in the CEM1 174 cells inoculated
sampled at regular intervals and assayed for viral p24gag.
Figure 2 demonstrates production of viral antigen (p24gag)
obtained following infection with two strains. In accor-
dance with previous published results (Sharpless et al.,
1992) exposure to HIV-1JrFL did not lead to p24 production.
In contrast, exposure to either HIV-1IIIB or HIV-1BaL led
to modest but clearly above background levels of p24
production in multiple experiments; these were sus-
tained through the life of the culture. In other experi-
ments, the range of p24 values obtained with these
strains ranged from barely above background to 10 ng/
ml. The absence of contaminating microglia was con-
firmed by low levels of p24 production following exposure
of the oligodendrocyte cultures to HIV-189.6, SF162, ADA-M, JrFL ,
all of which are M-tropic isolates that replicate well in
FIG. 3. PCR amplification. Purified oligodendrocytes were exposedpurified microglial cultures (Strizki et al., unpublished).
to HIV-1 for 4 hr, washed extensively, and maintained in media for 14Occasional experiments demonstrated overt cytopathol-
days. (A) DNA was extracted and amplified using LTR primers, asogy in oligodendrocytes infected with HIV-1BaL. However, described under Materials and Methods, and the PCR product was
this observation was not consistent and could be the identified by Southern blotting with a radiolabeled oligonucleotide.
result of individual variability in the donor source of oligo- Lanes: 1, 2, HIV-189.6 ; 3, 4, HIV-1IIIB ; 5, 6, HIV-1BaL . (/) positive plasmid
control. (B) DNA was amplified with b-globin primers.dendrocytes.
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FIG. 4. In situ PCR. HIV-1-infected oligodendrocytes were cultured in heavy Teflon HTC slides for 13 days and then processed for in situ PCR
amplification for HIV DNA as described under Materials and Methods. A positive signal with HIV-1IIIB (4A) is indicated by dark nuclear staining,
whereas HIV-189.6 (B) did not infect the oligodendrocytes. HIV-1BaL also gave a positive signal in this assay. This is consistent with other assays.
AID VY 7754 / 6a11$$7754
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TABLE 1
Cocultivation of HIV-Infected Oligodendrocytes with CEMx174 Cells
Supernatant Cocultivation Inoculation of
Inoculum p24gag (Day 24)a with CEMx174b CEMx174c
HIV-1IIIB 84d 4,000 21
HIV-189.6 — — —
DHIV-1IIIB — — —
Note. Oligodendrocytes were exposed to virus for 4 hr at 377 and
then washed extensively. Supernatants were obtained 24 days postin-
fection and assayed for p24.a To test whether these infected oligoden-
drocytes were producing infectious virus, CEMx174 cells were inocu-
lated with the infected oligodendrocytesb or the media in which they
FIG. 5. Infection with primary isolates. Adherent oligodendrocyteswere grown,c and the supernatants from these CEMx174 cells were
were infected with four primary isolates (approximately equilibrated forassayed for p24gag. dp24 (pg/ml) (0, ¡13 pg/ml).
p24 content) for 4 hr at 377, washed extensively, maintained for 7
days, and their DNA was extracted and amplified with gag primers, as
described under Materials and Methods. Lanes 1–4 demonstrate thewith that same supernatant, cocultivation of the oligoden-
result when the cells were pretreated with 50 mM AZT; 5–8, withoutdrocytes directly with CEM 1 174 cells resulted in clear
pretreatment. A single isolate gave a positive signal.detection of p24. Notably, no infectious virus was de-
tected in cocultivation of CEM 1 174 cells with either
oligodendrocytes or supernatants from cultures exposed production of p24 by the oligodendrocytes after removal
to HIV-189.6 . of the microglia, indicating that oligodendrocytes can be
infected by virus produced by microglia.Cocultivation with microglia
In a similar set of experiments, cocultivation of infected
To determine whether HIV-1 could be transferred be- oligodendrocytes with uninfected microglia in trans-well
tween microglia and oligodendrocytes, a situation that plates led to infection of microglia, with robust production
would mimic the transfer of virus in the CNS, a series of of p24. Interestingly, when microglia were in direct con-
cocultivation experiments was performed. Microglia tact with infected oligodendrocytes there was a 10- to
were infected with HIV-1BaL , maintained for 2 days, and 100-fold increase in p24 production over that noted with
cocultivated in transwell plates with 99.7% dynabead- trans-well plates (data not shown). Since oligodendro-
purified uninfected oligodendrocytes. Twelve days later cytes produce small amounts of p24, we assume that
the microglia and oligodendrocytes were separated, in- the increased levels are due to microglial infection. This
cubated for 2 more weeks, and p24 assays were per- suggests that the egress and spread of virus can be
formed on the supernatants (Table 2). There was further facilitated by cell-to-cell contact.
Infection with primary isolates
TABLE 2
To determine if primary HIV-1 isolates would infectInfection of Oligodendrocytes by HIV-1BaL-Infected Microglia
oligodendrocytes, we exposed adherent oligodendro-
Days after infection cytes to four different primary isolates, isolated DNA 7
days later, and analyzed it for HIV gag sequences. As
Cell type 2 8 14 21 28 shown in Fig. 5, one isolate (26-6884) resulted in a strong
PCR signal that was not present if the cells were pre-Oligo/Microgliaa 88b 3,500 34,000
treated with 50 mM AZT.Oligoc 6,500 2,100
Microglia 52,000 40,000
Oligod 270 1,900 3,600 1,800 610 DISCUSSION
Microgliad 180 900 48,000 190,000 120,000
We have demonstrated that cultured adult human oli-a Microglia were infected with HIV-1BaL, maintained for 2 days, then godendrocytes can be infected by some HIV-1 strains.cocultivated for 12 days with uninfected oligodendrocytes using Trans-
Although our initial screening assay was the detectionwell plates, after which the cells were separated and cultured sepa-
rately for an additional 2 weeks. of p24 in the supernatant of the infected cultures, PCR
b Cultured supernatants were collected and replaced completely at clearly demonstrated the presence of viral DNA in oligo-
weekly intervals. p24 levels in the supernatant (pg/ml) were assayed dendrocytes. Furthermore, the cocultivation results dem-
as described under Materials and Methods.
onstrate the possibility of in vivo transmission from mi-c Cells were cultured separately for an additional 2 weeks.
croglia to oligodendrocytes as these two cell types ared Isolated oligodendrocytes or microglia were infected with HIV-1BaL
and p24 was assayed at weekly intervals. in close proximity or even contact with each other in the
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brain. Conversely, virus could be recovered from infected GalCer, a potential alternative HIV-1 receptor, on their
surface. We attempted to block infection of oligodendro-oligodendrocytes by cocultivation with either CEM 1 174
cells or microglia. This indicates that oligodendrocytes cytes with MAbs directed against either GalCer or CD4,
and neither group of antibodies had a consistent effectare not a dead end cell for viral replication, but are them-
selves capable of producing infectious virions. in either p24 production or PCR, with decreases noted
only in some experiments. One possible explanation isRecently, Bagasra et al. (personal communication)
used in situ PCR in combination with immunocytochemis- that unlike the situation in immortalized cell lines, which
have lower levels of GalCer (Yahi et al., 1992; Fantini ettry to show that, in individuals with HIVD, a proportion
of oligodendrocytes harbor HIV DNA (and more rarely, al., 1993), the MAbs are unable to block all of the potential
gp120 binding sites because of the high level of GalCerRNA). Using either in situ hybridization or immunohisto-
chemistry for viral detection, other investigators had oc- expression. Future experiments will continue to address
the question of entry using higher titer antibodies andcasionally found evidence of oligodendrocytic infection
when cells were identified by morphological criteria only quantitative PCR.
(Nuovo et al., 1994). In the study by Bagasra, 89% (8/9)
of patients with HIVD had provirus-positive oligodendro- ACKNOWLEDGMENTS
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